The European Academy of Otology and Neurotology in collaboration with the Japanese Otological Society (EAONO/ JOS) recently produced a joint consensus document outlining the definitions, classification and staging of middle ear cholesteatoma. The goals were to provide terminologies in the description of cholesteatoma, classify cholesteatoma into distinct categories to facilitate the comparison of surgical outcomes and to provide a staging system that reflects the severity, difficulty of complete removal and restoration of normal function. Cholesteatoma is considered a benign, expanding and destructive epithelial lesion of the temporal bone that is the result of a multifactorial process. If undetected and left treated, cholesteatoma may lead to significant complications including hearing loss, temporal bone destruction and cranial invasion. Recent advances in imaging modalities have allowed for high sensitivity and specificity in identifying the presence of cholesteatoma. Despite these advances, deficiencies exist around the world with access to health care facilities meaning cholesteatoma remains a serious and challenging entity to manage whether found within the pediatric or adult population. Proper diagnosis and management of each form of cholesteatoma is achieved by a thorough understanding of the etiology, classification, clinical presentation and histology, thereby facilitating prevention, early detection and appropriate treatment.
Introduction and Background
Cholesteatomas are lesions that most often arise within pneumatized portions of the temporal bone to include the middle ear and mastoid, or both, and are only rarely found within the external auditory canal. They are non-neoplastic, often destructive, locally invasive masses that present mainly as unilateral lesions. In the most simple of descriptions, they are depicted as a cystic structure created by accumulation of desquamated keratin and squamous debris that is surrounded by a fibrous matrix and a usual finding of an inflammatory reaction [1] .
The term cholesteatoma ("chole" representing cholesterol, "steat" representing fat and "oma" meaning "tumor") as we now know, is a misnamed entity that was originally termed by Johannes Müller in 1838 under the flawed belief that the lesion was primarily a tumor of adipose tissue [2] but Müller may have been influenced by an original report of De Verney in 1683 that he described as a "steatoma" [3] . It should be noted early on that neither cholesterol nor fat is found within these lesions. They are occasionally referred to as "keratomas" to this day both in clinical as well as pathologic terms. This is also a misnomer as the term "keratoma" may be confused with keratosis obturans-an occlusive keratin plug of the external auditory canal.
It is estimated that over 20 million people worldwide are afflicted with otitis media. Of these, one-fourth (about 5 million) have a cholesteatoma [4] , although the overall number of cases of acquired cholesteatoma seems to be in decline [5, 6] . The annual incidence of cholesteatoma is reported as 1 3 3 per 100,000 in children and 9.2 per 100,000 adults. Males slightly outnumber females in a ratio of 1.4:1 and cholesteatomas that present in the middle ear are more frequently found in persons younger than 50 years of age [7] . Caucasian persons show the highest prevalence but cholesteatoma is infrequently found in Inuit, Native American and Asian populations [8] . A number of reports reviewed by Jennings et al. [9] evaluated familial clustering and inheritability of cholesteatoma and found that incomplete penetrance exists and may depend on a combination of environmental and genetic factors for the formation of an acquired cholesteatoma. Jennings also states that evidence from syndromic cases suggests genes controlling ear morphology may be risk factors for congenital or acquired cholesteatoma formation [9] . Syndromes where a diagnosis of cholesteatoma has been a reported finding include Turner Syndrome [10] [11] [12] , Treacher Collins Syndrome [13] , Down Syndrome [14] [15] [16] [17] and Focal Dermal Hypoplasia [18] . Numerous reports of patients presenting with cleft palate and cholesteatoma [19] [20] [21] [22] [23] [24] [25] have been presented with the rate of incidence approaching 6% in that population [23] . When compared to children who did not develop a cleft palate, those with a cleft palate face a 100-200 times greater likelihood of developing a cholesteatoma [23, 25] . Additionally, a link between allergic rhinitis and the development of cholesteatoma was recently discovered in that patients with allergic rhinitis presented with a significantly lower 10-year cholesteatoma disease free rate [26] .
Classification, Etiology and Pathogenesis
Cholesteatomas are subdivided into three categories: the congenital form which is specific to children, the acquired type which affects both adults and children and the unclassifiable type which is a cholesteatoma whose origin cannot be accurately determined [1] .
Congenital cholesteatoma is typically an expanding cystic mass of keratinizing squamous epithelium located medial to the intact tympanic membrane. It is assumed to be present at birth but, is usually diagnosed during infancy or in early childhood in patients with no prior history of otorrhea, perforation of the tympanic membrane, or previous ear surgery. In contradiction to this, the European Academy of Otology and Neurotology and the Japanese Otological Society (EAONO/JOS) working group recently stated that a history of previous bouts of otitis media or effusions does not exclude congenital cholesteatoma [1] . Additional criteria that are generally agreed upon for defining a congenital cholesteatoma is the finding that they do not show continuity with the external auditory canal and that the pars flaccida and pars tensa do not show retraction [27] .
Currently, no single accepted modality for the formation of congenital cholesteatoma is universally accepted as the cause is not completely understood. Probably the most popular theory is the epithelial rest theory. Rests of epithelial cells, otherwise referred to as an epibranchial placode, are located behind an intact tympanic membrane and fail to involute [28] . In most instances, these rests are normally thought to resorb near the 33rd week of gestation but, a congenital cholesteatoma may form if involution does not happen due to persistent irritation [29] . According to Bennett et al. [5] , this theory does not explain the existence of congenital cholesteatomas outside the anterior superior quadrant of the tympanic membrane where these rests are found. He additionally states reports have noted that they may also be found in the posterosuperior, posteroinferior, and anteroinferior regions of the lateral wall of the tympanic cavity which may explain the persistence of additional theories of formation [5] . The EAONO/JOS working group stated that congenital cholesteatoma is usually located at the anterosuperior quadrant of the middle ear, however; it may be located at the posterosuperior quadrant or other locations [1] .
An additional theory of formation, the invagination theory, holds that squamous epithelium from the external canal migrates through the tympanic ring and into the middle ear, eventually forming into a congenital cholesteatoma [30] . In utero or during childhood, an inflammatory injury to the tympanic membrane near the neck of the malleus induces invagination leading to development of a congenital lesion. In this case, the tympanic membrane is adherent to the malleus or incus and leaves behind a remnant of keratinized epithelium which over time then forms a cholesteatoma [5, 31] . This theory does help to explain the existence of lesions that are not located in the anterosuperior quadrant of the tympanic membrane as the invagination process could occur anywhere along the tympanic membrane.
The acquired type cholesteatoma is presumed to arise due to Eustachian tube dysfunction following prior bouts of middle ear disease. In contrast to the congenital cholesteatoma, the acquired type is not presumed to be present at birth and, as a general statement, the common denominator is that keratinizing stratified squamous epithelium has grown beyond expected anatomic boundaries. In order to provide clarity, the EAONO/JOS states that acquired cholesteatoma is characterized by clinical signs and symptoms that are the result of growth with or without destruction of the adjacent structures, with or without tympanic membrane retraction and/or perforation, with or without otorrhea, with or without hearing deterioration and/or CT/MRI findings (soft tissue masses, focal areas of bony erosion of the middle ear, and mastoid) [1] .
Like the congenital type, multiple pathophysiologic theories have been proffered to explain the formation of acquired cholesteatomas, although as yet, no single process has been 1 3 completely accepted as the definitive mechanism of formation for all cases [27] . Many believe that the pathogenesis involved incorporates a complex mix of mechanisms as opposed to a singular method due to the fact that all factors of presentation and growth cannot be fully and simply explained with an as yet proposed singular method. These theories differ from the congenital type as it is based on the presence or absence of a perforation and subsequent migration of epithelium into the middle ear through that perforation. Acquired cholesteatoma is further subclassified as a retraction pocket variant of cholesteatoma and a nonretraction pocket variant [1] .
The retraction pocket theory of formation, occasionally referred to as a primary type cholesteatoma, forms due to an underlying Eustachian tube problem that results in poor aeration of the epitympanic space. The pars flaccida, pars tensa or both are then drawn medially by retraction to the top of the malleus neck, thereby forming a retraction pocket as a result of negative pressure in the middle ear [32, 33] . The development of this pocket restricts the normal migratory pattern of the tympanic membrane thereby losing its ability of self-cleaning and further enhancing the potential for keratin debris accumulation, allowing the formed sac to slowly enlarge. The resultant masses are classified as a pars flaccida or attic cholesteatoma, pars tensa cholesteatoma or a combination of pars flaccida and pars tensa type cholesteatomas [1] .
Non-retraction pocket cholesteatomas, often referred to as secondary acquired cholesteatomas, are commonly found in patients with acute otitis media. These lesions are thought to develop under three possible lines of thought: the epithelial migration theory, squamous metaplasia theory, and basal cell hyperplasia theory [32] . The epithelial migration theory assumes that tympanic membrane perforations act as a precursor and that squamous epithelium of the tympanic membrane then migrates into the middle ear. This site of traumatic injury can come about as a result of surgery, blast injury, and foreign body or iatrogenic causes, all leading to the formation of a cholesteatoma [1, 34] . It is thought that the edges of the perforation migrate as well due to the fact that tympanic membrane epithelium and cholesteatoma epithelium have similar properties.
The squamous metaplasia theory proposes that desquamated middle ear epithelium transforms into keratinizing stratified squamous epithelium secondary to chronic or recurrent otitis media [32] , thereby leading to the formation of a cholesteatoma. Advocates of the basal cell hyperplasia theory propose that papillations, pseudopods or microcysts filled with keratin formed in the basal cell layer of the pars flaccida epithelium, invade the subepithelium of Prussack's space [32, 34] . An inflammatory reaction, possibly due to poor ventilation may cause a break in the basal membrane allowing a cord of epithelium to start inward proliferation.
A third cholesteatoma category is given the designation as unclassifiable for those lesions whose origin cannot be accurately determined [1] . In certain large or open cases, it may not be possible to categorize the lesions under the heading of congenital or acquired cholesteatoma therefore, the unclassifiable designation.
Cholesteatomas that present post-surgically may be considered as a fourth category [1] . This category may arise as residual or recurrent lesions, although these are not mutually exclusive [1] . Residual cholesteatoma results from the incomplete surgical removal of the cholesteatoma matrix and a recurrent cholesteatoma results from the reformation of the retraction pocket after a complete previous surgical removal [1] .
Clinical Features
Risk factors for development of a cholesteatoma include middle ear disease, prior surgery, traumatic injury or congenital anomalies. Cholesteatomas have been noted to persist in a static state for many years prior to manifestation of significantly destructive events as they are unresponsive to antimicrobial therapy although it is estimated that the growth rate of congenital lesions enlarges the mass by approximately 1 mm in diameter per year [24] .
As opposed to acquired cholesteatoma in adults, congenital cholesteatoma progresses in a relatively muted fashion as unilateral hearing loss passes unnoticed in children thereby allowing larger lesions to remain undetected until incidental identification during a routine physical examination [25] . Hearing loss may be evident when the cholesteatoma is large enough to fill the middle ear or when the ossicles have eroded [1] . The ossicular chain is the first structure to be damaged and the most commonly damaged ossicle is the anvil, approaching 100% of the time in cases where damage occurred [35] .
The first and most frequent symptom of an acquired cholesteatoma is otorrhea (66.5%) [4] that can be unrelenting or periodically recurrent in nature. Patients note scant possible purulent discharge that may be foul smelling. On clinical examination, the presence of abundant granulation tissue may accompany the drainage. Pain (which may be an indicator of advanced disease) and an earache are common symptoms prior to episodes of purulent discharge. The combination of otorrhea, tinnitus and hearing impairment (hypoacusis) seen in 23.3% of patients, and solely hypoacusis seen at a rate of 7.6%, also denote frequently experienced symptoms [4] . Hearing loss experienced by cholesteatoma patients can be progressive conductive or sensorineural with conductive hearing loss resulting from impaired movement of the ossicles [28] . Tinnitus is a common clinical complaint that may be the result of sigmoid sinus compression by a 1 3 cholesteatoma [35] or can be a resultant effect of damage to the cochlea leading to irreparable sensorineural hearing loss [28] .
Examination of the tympanic membrane to evaluate for acquired cholesteatoma should include inspection of the pars flaccida [24] . During the examination, the anterosuperior quadrant of the mesotympanum must be inspected for the presence of a round, white, compressible lesion under the tympanic membrane as this finding is considered pathognomic [24] . The differential diagnosis may include a finding such as tympanosclerosis, defined as hyalinization of fibrous connective tissues of the tympanic membrane and middle ear, followed by calcification that may result in degraded hearing. In comparison to cholesteatoma, tympanosclerosis presents as hard white plaques with an irregularly sharp edge as opposed to the smooth, rounded and curved edge of cholesteatoma [36] .
Imaging
Given its composition, the extent of a cholesteatoma is still difficult to detect with modern imaging modalities especially in the case of ears that have previously undergone surgery. Computed tomography (CT) has been the standard modality as it does provide for the ability of identifying bony changes. Owing to excellent ability of spatial resolution, CT has a high sensitivity but low specificity in the case of a mass lesion because it may be misinterpreted as granulation tissue, cholesterol granuloma or other soft tissue neoplasms [8, 37] . Typical findings on CT include a sharply marginated and expansile soft tissue lesion, retraction of the tympanic membrane, scutum blunting and erosion of the tympanic tegmen and ossicles [8] . Within pneumatized areas of the temporal bone, normal aeration is lost and CT often shows evidence of bony erosion due to scalloped margins being observed [38] . Specific examples of typical findings seen on CT are provided in Figs. 1 and 2 . CT has limited value in the post-operative period due to the high negative predictive value when it shows a well-aerated, disease free middle ear and mastoid with no evidence of soft tissue present [38] . However, in patients who have undergone previous tympanomastoidectomy, interpreting bony erosion is made nearly impossible when attempting to differentiate between surgical changes and pathologic bony destruction due to cholesteatoma [38] . In this case, the sensitivity and specificity of detecting residual or recurrent cholesteatoma drops dramatically.
Due to the small size of congenital cholesteatoma, CT is not mandatory as there may be little benefit to justify the involved radiation and anesthetic procedure that may be necessary in a pediatric case. Additionally, due to ionizing radiation that is produced when performing CT, cone beam CT (CBCT) could be considered as an alternative as significantly less ionizing radiation is introduced. For some, the information received in a CBCT rivals that of CT. Diffusion weighted imaging MRI (DWI-MRI) can be a valuable tool in the detection of cholesteatoma as advantages exist over CT such as a shorter examination time than delayed contrast material-enhanced imaging and no need for a contrast media injection prior to the examination [39] . The examination may be lacking the detailed information of bony structures though. MRI sequences show a cholesteatoma to be dark on T1 weighted images and bright on T2 weighted images when compared to brain tissue. As cholesteatomas do not take in contrast media, to overcome this finding, the use of delayed contrast techniques have been in use as this technique takes advantage of the fact that other tissues will possibly take up more contrast media given a proper amount of time [37, 38] . T1 images are obtained 30-45 min after contrast administration. Inflamed mucosa, granulation tissue and fibrosis will show enhancement whereas, a lesion in the proper location that does not enhance may suggest a cholesteatoma is present [40] .
Advancements in DWI-MRI allows for identifying the presence of small collections of keratin debris that would otherwise be interpreted as fluid or edematous mucosa on CT and is proficient in detecting recurrent cholesteatoma due to its high sensitivity and specificity [38, 39] . Cholesteatomas appear to have a high signal intensity, mainly attributable to restricted water diffusion due to the oily consistency of the retained fluid [8] . According to Vercruysse et al., DWI revealed sensitivity of 81% and a specificity of 100% with a positive predictive value of 40% in patients who had not undergone surgery as yet [40] . DWI is a valuable assessment tool for the presence of erosion of the semicircular canal, invasion of the membranous labyrinth or middle cranial fossa and to assess abscess formations [39] . Non-echo planar imaging DWI techniques provide for less image distortion and less artefacts are seen than with other DWI techniques. EPI DWI has a deficiency whereby artefacts can be seen at a junction with numerous anatomic tissues leading to distortion. Non-EPI DWI provides for higher resolution and thinner slices (2 mm) can be obtained with less false positive findings noted [41] . As a result, DWI can prevent unnecessary second look surgeries for suspected residual or recurrent cholesteatoma in cases that are found to be inaccessible to clinical otomicroscopy, which includes those lesions in the mastoid cavity, ones deep to reconstructive materials and those cases growing around structures where cholesteatoma may have been missed in the primary procedure [38] .
Gross Pathologic Findings
At the gross level, cholesteatomas present as primarily white, compressible, ovoid lesions which when intact, are surrounded by a thin wall (Fig. 3) . Often, the surface of the "capsule" is disrupted to show a shaggy, irregular and friable surface with edematous edges. The contents of the sac Fig. 2 Temporal bone CT and brain MRI in 41-year-old male after transcanal endoscopic resection of a right epitympanic cholesteatoma. a Axial CT shows the resection cavity in the right Prussak's space (red arrow), with residual cholesteatoma in the right mastoid antrum (yellow arrow). b Coronal CT shows the resection cavity at the right lateral epitympanum (red arrow) plus the surgical approach for a transcanal atticotomy (yellow arrow). An alternative approach would be via the mastoid antrum (mastoidectomy). c Axial T2-weighted MRI shows the small residual cholesteatoma (red arrow) to be of similar intensity with fluid, e.g. prepontine cistern and fourth ventricle (yellow arrows). d Axial diffusion-weighted MRI shows "restricted diffusion" in the cholesteatoma (red arrow), much brighter than free fluid (yellow arrows)
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then spill externally to display flaky, greasy or cheese-like keratinaceous debris (Fig. 4) . Often the specimen is submitted as numerous layered, white flakes that not only represent keratin, but may include diminutive fragments of bone. All contents encountered in the surgical procedure should be submitted in their entirety for histopathologic examination.
Histopathologic Findings
The requirements for a pathologic diagnosis of cholesteatoma include a combination of squamous epithelium, granulation tissue and keratinaceous debris. At face value, a finding of squamous epithelium in the middle ear differs from the normal glandular epithelial lining, and is therefore deemed abnormal [42] . The components of cholesteatomas have been characterized as the perimatrix, matrix and cystic contents. The perimatrix, or most peripheral portion of a cholesteatoma, primarily consists of an abundance of granulation tissue with the immediate subepithelial area occasionally consisting of occasionally cellular and thickened, dense fibrous connective tissue (Fig. 5) . This layer differs depending on the age of the patient. Congenital cholesteatomas show less of a connective tissue layer and more granulation tissue, whereas adult patients are more prone to possess dense connective tissue in this area [43] . It is this layer that is in close contact with middle ear epithelium and bone whether it is the ossicles or wall of the ear canal, and some consider it responsible for their erosion and destruction. Small fragments of degenerate bone and acellular basophilic osteoid are also occasionally identified within the perimatrix or cyst lumen and may represent portions of eroded ossicles or canal wall (Fig. 6) .
The essential diagnostic feature of matrix is that it consists of keratinizing, cytologically bland stratified squamous epithelium arranged in convoluted cyst-like formations ( Fig. 7) . This epithelium ranges from thin to atrophic, lacks rete ridges and shows a prominent granular cell layer with abundant keratohyaline granules. Given this finding, the histology of cholesteatomas is not unlike that seen in epidermal inclusion cysts of the skin, although keratohyaline granules are not as prevalent in epidermal inclusion cysts of the skin. These cyst-like structures may collapse or decompress upon surgical removal to histologically compose an undulating, ribbon-like appearance of the epithelium whereby it folds upon itself. The basal cell layer of cholesteatoma may demonstrate architectural atypia in the basal epithelium as well as mild cytologic atypia without dysplasia. Although squamous cell carcinoma has been reported as arising from cholesteatoma, it is an extremely rare event [44] .
The cystic contents are contained within a luminal area that is comprised of abundant layers of laminated, free-flowing or aggregated, desquamated, anucleate keratin. When rupture of the cystic contents occurs, a foreign body giant cell reaction ensues in response to keratinous debris. Awareness by the pathologist is needed as additional histologic findings may include small nerve fibers within the specimen. It may be surmised that the facial nerve may be incorporated in the surgical procedure, but most often these small nerve twigs represent chorda tympani, whether intended or not.
Studies evaluating markers as indicators of the aggressive nature and bone destruction capacity have recently shown that some cholesteatomas overexpress Ki-67, a cell proliferation marker of tumors and non-neoplastic proliferative disorders that includes cholesteatoma. CK17, a marker of keratinocyte differentiation, has been shown to be a predictor of aggressiveness and invasive capability when present [45] . Hamed et al. observed that overexpression of both markers were seen in the epithelial portion of cholesteatoma in cases of invasive cholesteatoma where severe ossicular destruction was present whereas, the non-invasive group expressed each marker in an inactive form [45] .
Other Histopathologic Findings
Although most cases sent for histopathologic diagnosis following suspicion for a cholesteatoma are diagnosed as such, the pathologist should be vigilant for potential concurrent diagnoses and differential diagnostic possibilities that may arise in this area even if the histology may be dramatically different such as with a paraganglioma. A spectrum of concurrent diseases reported in association with cholesteatoma of the middle ear includes cholesterol granuloma, otic polyp, tympanosclerosis, acquired encephalocele, middle ear paraganglioma, schwannoma and neuroendocrine adenoma of the middle ear.
Microscopic Differential Diagnosis
The pathologist should be able to differentiate those microscopic entities that could provide microscopic dilemmas with cholesteatoma such as unaffected tympanic membrane, cholesterol granuloma, granulation tissue of otitis media and squamous cell carcinoma.
Normal tympanic membrane is a consideration as it presents on the external surface with a thin epidermal layer composed of stratified squamous epithelium adjacent to an underlying band of connective tissue. Type I and type II collagen as well as elastic fibers comprises this area. The inner As additional histologic considerations, the histologic presentations of cholesterol granuloma and otitis media are very similar. Cholesterol granuloma is thought to present following trauma and resultant hemorrhage that leads to the formation of cholesterol crystals following rupture of red blood cells. The break down of the erythrocyte membrane of releases lipids resulting in numerous clefts scattered within abundant granulation and foreign body giant cells. Otitis media includes a variably sized collection of chronic inflammatory cells including plasma cells, lymphocytes, histiocytes, foamy histiocytes and multinucleated giant cells. Cholesterol clefts are also noted scattered within background granulation tissue. In addition, glands demonstrating cuboidal epithelium with or without cilia small foci of calcifications and reactive bone are also occasionally included.
Squamous cell carcinoma is always a component of the histologic differential diagnosis when epithelium is involved. In middle ear lesions, a lack of epithelial maturation will be present along with hallmarks of significant pleomorphism, numerous mitoses which are often atypical, individual cell keratinization and the formation of keratin pearls.
Co-factors in Cholesteatoma Formation
Several factors stimulate the bone resorption that is an inherent aspect of cholesteatoma formation. These include inflammation, local pressure, and specific cytokeratins [46] . Granulation tissue next to ossicles may produce several enzymes and mediators that may accelerate ossicle resorption including lysosomal enzymes, collagenases, and prostaglandins [47] . Recently, analyses have revealed an excessive host response to inflammation in the form of paracrine and autocrine secretions that then leads to the progression of cholesteatomas [27, [46] [47] [48] . Additionally, angiogenic growth factors such as cyclooxygenase-2, interleukin-8 platelet-derived growth factor epidermal growth factor and vascular endothelial growth factor released by inflammatory cell populations in the matrix and perimatrix, allow for angiogenesis thereby paving the way for migration of keratinocytes into the middle ear via a vibrant vascular network [49, 50] . These factors, combined with the inflammatory cells in the granulation tissue are a potent stimulus for epithelial migration and provide somewhat of a substrate. Upregulated cytokines such as interleukin-1, interleukin-6, interleukin-17 and interferon beta have been shown to promote inflammatory bone resorption [36, 46, 51, 52] . Bone resorption itself may explain the increase in osteolysis associated with acquired cholesteatoma [27] . Recent studies have identified that matrix metalloproteinase 9 (MMP-9), which is able to degrade type IV collagen, plays a key role in inflammatory cell migration adding to the destructive behavior of cholesteatomas [53] . Receptor activator overexpression of nuclear factor-κB ligand (RANKL) and low expression of osteoprotegerin (OPG) are typical features found in middle ear cholesteatoma patients, specifically in the cholesteatomas perimatrix [50] . The altered RANKL/ OPG protein ratio suggests that the RANKL-OPG pathway may play a major role in the inflammation associated with middle ear cholesteatoma [54] . Overall, a host inflammatory response could be beneficial in instances of insult but, an excessive inflammatory response may promote the growth and destructive effects of cholesteatomas.
Inherent to the formation and progression of cholesteatoma is the colonization by bacteria within the middle ear and the formation of biofilm that aids in the persistence of inflammation. Numerous pathogens to include Gram positive, Gram negative and various fungal elements have been identified in the middle ear in association with cholesteatoma tissues. Significant difficulty exists when attempting to treat these elements as delivery of systemic antibiotics is hampered by the lack of blood flow to the lesion and the fact that topical antibiotics may not penetrate as deep as necessary to eradicate pathogens that may be the root cause of the general inflammatory stimulus that leads to progression of cholesteatomas. Advanced infection can progress to significant complications such as cavernous sinus thrombosis, meningitis, brain abscess and mastoiditis [27] .
Staging
The EAONO/JOS working group developed a staging system that applies to four categories of middle ear cholesteatoma: pars flaccida cholesteatoma, pars tensa cholesteatoma, congenital cholesteatoma, and cholesteatoma secondary to a tensa perforation. The utility of this system is that it may be used for evaluating initial pathology in a standardized fashion and for standardization in reporting of surgical outcomes throughout the otologic community.
It additionally may be practical for adjusting for the severity of the condition during outcome evaluations as well as provide information that is useful for the counseling of patients. Their findings are outlined below [1] :
Stage I: Localized cholesteatoma The site of cholesteatoma origin, i.e., the attic for pars flaccida cholesteatoma, the tympanic cavity for pars tensa cholesteatoma, congenital cholesteatoma, and cholesteatoma secondary to a tensa perforation. Stage II: Cholesteatoma involving two or more sites. Stage III: Cholesteatoma with extracranial complications or pathologic conditions Includes: facial palsy, labyrinthine fistula: with conditions at risk of membranous labyrinth, labyrinthitis, postauricular abscess or fistula, zygomatic abscess, neck abscess, canal wall destruction more than half the length of the bony ear canal, destruction of the tegmen: with a defect that requires surgical repair, and adhesive otitis: total adhesion of the pars tensa. Stage IV: Cholesteatoma with intracranial complications Includes: purulent meningitis, epidural abscess, subdural abscess, brain abscess, sinus thrombosis, and brain herniation into the mastoid cavity.
The staging system does not apply to petrous bone cholesteatoma but applies to cholesteatoma in attic, cholesteatoma in pars tensa or secondary to pars tensa perforation and to congenital cholesteatoma.
Treatment
Any initiation of treatment should begin with a thorough patient history to include a detailed otologic history, as pertinent information as to the course of events and symptoms experienced could play a key role in evaluation and accurate diagnosis. A complete and detailed head and neck examination to most importantly include otomicroscopy, is paramount in the evaluation process of cholesteatoma and subsequent disease extent. It should also be understood that no purely medical or non-surgical options exist for the treatment of cholesteatoma, therefore surgical excision is the mainstay of treatment. Surgical treatment has the ideal goal of the patient remaining with complete eradication of the cholesteatoma, a dry ear free of recurrence, preserved or improved hearing and a cosmetic outcome. In the case of children, special attention should be given due to the fact that the temporal bone of children possess well-pneumatized air cells which provide for adequate space for spread of disease and thereby intensifying the aggressive nature of cholesteatomas [27] .
Although additional advanced techniques such as the Tosmodified CWU mastoidectomy for cholesteatoma surgery exist, the main treatment options consist of standardized microscopic surgical procedures: canal wall down (CWD) and canal wall up (CWU) mastoidectomy. Controversy still exists over the use of these procedures with the point of contention being the preservation of the posterior canal wall, complete eradication of tumor and recidivism rates with each procedure. The CWD approach (which usually infers a modified radical mastoidectomy) consists of the removal of the bony posterior wall such that the canal and the mastoid are considered a common cavity [55] . The radical CWD mastoidectomy employs removing mastoid air cells, total exteriorization of the middle ear, attic and mastoid cavity in addition to obliteration of the Eustachian tube [55] . CWD for the pediatric population is contraindicated because the temporal bone is still a developing entity [57] . Recurrence rates of pediatric cholesteatomas approach 27% [56] . Indications for use of a CWD procedure include use in an only hearing ear, intracranial involvement of a labyrinthine fistula or a sclerotic mastoid [57] . Wound healing and cavity problems to include accumulation of keratin debris and wax necessitating life long ear cleaning are inherent problems with a CWD procedure. Avoidance of exposure to water along with decreased resonance due to decreased middle ear volume resulting in poor hearing are common complaints noted with the CWD procedure. Advocates of the CWD procedure claim that CWD exposes the entire lesion allowing for complete removal. CWU does not adequately expose portions of the middle ear cleft which ultimately results in far higher residual disease rates [57] .
The closed, or CWU procedure is much more commonly used in practice today as it overcomes the problems and necessary maintenance following a CWD procedure. Like the CWD procedure, all mastoid air cells are removed but the hallmark is that the posterior bony external auditory canal is preserved along with the integrity of the ear canal contours through preservation of the posterior wall or reconstruction of a defect following disease removal [55] . Benefits are that less structural damage ensues during the surgical procedure which can lessen would healing problems. In addition to facilitating the fitting of hearing aids post-operatively, cavity problems such as accumulation of debris and the need to avoid exposure to water are avoided with a CWU procedure [57] . Detractors of this procedure argue that the procedure insufficiently exposes the middle ear cleft while at the same time sacrifices a number of healthy mastoid air cells [27] . This inadequate exposure is a cause of higher incidents of residual disease in patients undergoing CWU procedures that ranges from 20% of patients who underwent a CWU procedure to an overall relapse rate as high as 70% [58] . This eventuality necessitates a planned second-look procedure 6-12 months following initial CWU surgery. In total, CWU patients show a nearly 3 times greater likelihood of recurrence than with CWD surgery [59] .
Recent advances in the use of the endoscope and in optical technology have led to new treatment modalities for middle ear surgery as the endoscope allows viewing of hidden areas that are difficult when utilizing microscopic vision [58] . Utilization of high definition visualization, such as a 4K magnification endoscope and narrow band imaging filter has been shown to improve visualization of tissue based on varying degrees of vascularity allowing for better differentiation between pathology and normal anatomy [58] . This may then aid or promote the choice of a CWU procedure and lead to a decrease in the number of recurrences and residual disease associated with this procedure [58] .
Conclusion
As with any disease process, careful and early evaluation is the key to early diagnosis through the use of modern as well as traditional evaluation methods in order to facilitate treatment and management. Inherent in that process is the need for thorough knowledge and complete awareness of important anatomic structures, how they relate to function and management of the middle ear, the histology involved and the specific surgical process that may require customization to each patient depending on the disease extent involved, making for less complications of cholesteatomas and preserved hearing.
